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ABSTRACT 
Fifty normal (sham operated) and 48 castrated male Swiss mice were painted with 
methy !cholanthrene solution for 16 weeks resulting in warty papules and squamous 
cell carcinomas. A comparison was made between the two groups as to the median neoplas-
tic surface area involved, the number of mice developing papules of at least 2 mm in 
diameter, and the mean number of tumors per mou e. The castrated group had lower 
values for all three comparisons, although only the comparison of numbers of mice devel-
oping papules was statistically significant (P < 5% at 15 weeks, and P < 20 % at 16 
weeks). 
This study reports the effect of castration on 
the induction of warty papules and squamous 
cell carcinoma in male mice by the topical appli-
cation of methylcholanthrene. 
The incidence of skin cancer in general and 
squamous cell carcinoma in particular is signifi-
cantly higher in men than women (1). "While this 
has been attributed to the greater amount of sun 
exposure of men engaged in outdoor occupations, 
the sex differential holds in urban as well as rural 
areas. l\1oreover, women tend to do more sun 
bathing than men. In a study of skin cancers 
occurring in a certain region of Taiwan where 
there was a high incidence of chronic arsenical 
intoxication due to arsenic in the drinking water, 
Y eh (2) found a higher incidence of epidermoid 
carcinomas and Bowen's disease in men as com-
pared to women. Since most of the lesions were on 
· the covered parts of the body this might be ex-
plained either by assuming that men drank more 
water than women, or that sex hormones played 
a part in the development of the tumors. Such 
observations raise the question of the possible 
role of male hormone as a promoting factor in the 
development of epidermal carcinoma. 
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There have been a number of studies in mice on 
the effect of difference between sexes, and castra-
tion of each sex, on the occurrence of fibrosar-
comas following the parenteral administration of 
various carcinogens. However, the results of these 
studies have failed to reveal a consistent pattern 
(3-6). 
Apparently the study of Bates (7) is the only 
previous report on the influence of sex and castra-
tion on the incidence of epidermal growths fol-
lowing the topical administration of a carcinogen. 
Bates treated castrated and control Swiss male 
mice with a single topical application of dimethyl-
benzanthracene followed by 22 weekly applica-
tions of croton oil. A significantly lower propor-
tion of castrated mice developed papules as 
compared to the controls. The castrates also had 
fewer mean tumors per mouse, but this was not 
statistically significant. Bates also found a higher 
tumor incidence in normal males as compared to 
normal females, a higher tumor incidence in 
castrated females as compared to non-castrated 
females, and an influence of the estrus cycle on 
tumorigenesis. Female mice in metestrus or 
diestrus were more susceptible to the action of the 
carcinogen then were those in proestrus or estrus. 
vVe have noted that prolonged intramuscular 
injections of testosterone causes epidermal hyper-
plasia in intact female rats (8). 
MATERIAL A~TD METHODS 
Ninety-eight male albino Swiss mice, eight 
weeks old, weight 27-32 gm, were used. Forty-
eightwere castrated and 50were sham operated at 
age eight weeks. A few days after operation all 
mice were started on once weekly paintings to the 
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FIG. 1. Mice after painting with methylcholanthrene for 16 weeks. The large ulcer in the 
mouse on the left is a squamous cell carcinoma. 
unshaved mid-back of 0.2 cc of 0.3% methyl-
cholanthrene in acetone for a total of 16 weeks. 
The animals were examined at weekly intervals. 
All lesions 2 mm in diameter or larger were counted 
and measured. The surface area of circular lesions 
was calculated as the square of the diameter. 
This, of course, is not mathematically correct 
since surface area equals 3.1416 X radius2 • How-
ever, since both castrated and normal mice were 
measured in the same way any error in this regard 
should be insignificant. Irregularly shaped lesions 
were measured by multiplying the cross diameters. 
A representative picture of mice bearing various 
sized lesions is seen in }~igure 1. 
The total surface area involved by the neoplas-
tic growths was measured for 16 weeks after the 
onset of paintings. Histologic examinations re -
vealed that lesions 10 mm or more in diameter were 
almost quamous cell carcinomas. Occasionally 
they showed early changes of malignancy but 
without invasion of the cutis. Lesions G to 9 mrn in 
diameter usually sho~ ed pre-malignant changes 
in situ or were early carcinomas, while those up to 
5 mm were grossly warty papules and were without 
histologic evidence of malignancy. 
The median, rather than the arithmetic mean, 
was chosen as a measure of surface involvement 
t.o avoid an undue influence of a few unusually 
large tumors on t he averages. It should also be 
noted that lesions larger than 15 or 20 mm in 
diameter often had an inflammatory or purulent 
component thu making the exact boundaries of 
neoplastic growth somewhat indistinct . In this 
regard also, the use of the median rather than the 
mean would minimize the influence of errors in 
measurement of large lesions on the comparative 
values between the two groups. 
In the data on surface area involved, no distinc-
tion was made between benign , transitional, and 
malignant lesions . However , it was apparent that 
the presence of a carcinoma having a minimum 
surface area of 100 mm2 and often reaching a size 
of 625 mm2 or larger would have a predominant 
influence on the total area involved even in the 
presence of multiple small papules. 
The mice were weighed at weekly intervals. 
After eight weeks of treatment, one week prior to 
the development of the first carcinoma in either 
group, the average weight of the sham operated 
mice was 3G.l gm, and that of the castrates waR 
35.7 gm. It would thus appear that weight was not 
a factor in the results. 
RESULTS 
Table I presents the data on median surface 
area involved by neoplastic lesions of at least 2 
mm in diameter in the normal and castrated 
mice from 12 to 16 weeks after the beginning of 
methylcholanthrene paintings. The probability 
values for significance of the differences for 14, 15, 
and 16 weeks are also given. Although the median 
values ·are higher for the normals as compared to 
the castrates the probabilities of this happening 
by chance, as determined by the four-fold x2 test, 
are high, approximately 1 in 2. 
Table II presents the data on the number of 
mice developing le ions of any significant size, 
i.e . 2 mm in diameter or larger. The sham oper-
ated mice showed a higher percentage of total 
mice developing lesions at 14, 15, and 16 weeks. 
The difference, using the four-fold x2 test, was 
tatistically significant (p = 2 %-5%) at 15 
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weeks, and of borderline significance at 16 weeks 
(p = 10 %-20%). 
The mean number of lesions, 2 mm in diameter 
or larger, per mouse is given in Table III. The 
number of castrates is 45 instead of 48 as in Tables 
II and III. This is because three of the castrates 
died before 14 weeks. They could be included in 
the comparisons of the median surface area ince 
they each had large surface area involvements 
which were well above the average median surface 
values at 14 weeks and later. They also obviously 
could be included in the number of mice with 
lesions 2 mm in size or larger at 14 weeks and 
later. The mean number of tumors for the normal 
mice was larger than that of the castrates from 14 
through 16 weeks. However, since for that period 
the number of tumor for the dead mice could 
obviously not be observed it was felt that valid 
significance tests could not be done. 
The individual growth rate curves of ten 
tumors each in the normal and castrate groups 
were plotted weekly. No triking differences in 
the growth rates of the tumors as between the two 
groups were apparent . However, we do not feel 
that the number of observations made was large 
enough to justify any conclusions in this regard . 
DISCUSSION 
In Bates' report (7) all papules 1 mm or more 
in diameter and persisting for at least two weeks 
were counted . No consideration was otherwise 
given to the size of the lesions. Comparison be-
tween the castrates and normals was based on the 
mean number of tumors per animal and the num-
ber of animals having lesions at lea t 1 mm in 
diameter. In our study the comparison is ba ed 
on the median urface area involved by neoplastic 
growth, and the number of mice having le ions at 
least 2 mm in diameter. We also determined the 
mean number of tumors per animal. 
In general, our results are in accord with those 
of Bates. Bate , as did we, found a higher mean 
number of tumors per mouse in the sham operated 
as compared to the castrate . . In Bates' study the 
difference was not statistically significant. In our 
study, for reasons previously noted, a valid test 
for statistical significance could not be made. 
Bate found a statistically ignificant higher 
number of ham operated mice having tumors of 
at lea t 1 mm in diameter as compared to the 
castrates. \Ve found a higher number of sham 
operated mice having lesions of at least 2 mm in 
TABLE I 
Median surface neopla tic area in mrn2 
Weeks Norm. 
12 0.0 
13 11.0 
14 23.5 
15 39.5 
16 58.0 
Normals, n = 50. 
Castrates , n = 48. 
Castr. p• 
4.0 
9.0 
16 .0 55 
25.0 55o/ 
43.5 45 / 
* P value for significance of difference between 
normals and castrates. 
TABLE II 
1\ umbe1· of mice with lesions 2 mm in diameter 
or larger 
Week Normal Castrate P* (n = 50) (n = 48) 
14 39 (78 ) 32 (07 0 ) 
15 46 (92% ) 36 (75 0 ) 
16 47 (94% ) 40 (83 o) 
* P value for significance of difference between 
normals and castrates. 
TABLE III 
M ean number of tumors per mouse (lesions 2 mm in 
diam. or larger) 
Weeks Normal Castrate (n = 50) (n = 45) 
14 1.86 1.51 
15 2.52 2.00 
16 3. 16 2.58 
diameter as compared to castrates at 14, 15, and 
16 weeks. This difference was statistically . ignifi-
cant at 15 weeks (p = .025-.05), and of border-
line significance at 16 weeks (p = .1G-.20). 
We found a higher median surface area of 
epidermal neoplasia in the normal as compared 
to the castrated mice, although the differences 
were not found to be significant by statistical 
analysis. The an~a of neoplastic involvement is a 
function of the number of lesions and the rate of 
growth. While it would be tempting; to speculate 
as to whether the difference in median i due 
primarily to differences in rate of tumor induction 
or rate of tumor growth, we do not feel that our 
data justifies any conclusion in this regard. 
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Nevertheless, the trend of the data in this study 
is in accord with the hypothesis that testosterone 
is some way may be a promoting factor in the 
development of epidermal neoplasms in response 
to topical applications of a carcinogen. It is 
obvious that more experiments are needed before 
a firm conclusion can be made. 
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